NASA = . LEWIS RESEARCH CENTER 




295 



INTRODUCTION 


o> c 
£ .. a 
o> co o 
-Q «> *5 
o «> 
>* 3 *5 

SCO 
C 5 

ns 


E 

CO 

>* 

CO 


CO U 


JS M 


s sri 

I S -5 


K 

O 

O 

c 

o 

x> 

a> 

w 

CD 


CD m 
* C «2 

1-2 a 


i s 

*5 

•» 

? « 
c E 
c £ 

s ^ 
« * 

&2 
•> £ 


s • 

■o 2 5 c 
® £ 2 - 
® ~ ~ 


o 

CO ** 

a _ 

2 a 

0 
m 


£ » 2 
- - « e 


f i.E 

I £ 5 £ 

5, ^ > 

**«!* 

• a 

• ft* 

£ _ c 
c •» - 

C « « 


o 

CD 

O 

a 

x 

0) 


SI • 

0 ) o* 

£ g 

>s i 
* § 


c 3 c « c 2 

A ft MW •• U “ 


^sl€ 

o 

£ 8 




0> 

* 

o 

a 

a 

c 

a 

c 

o 


c 

CO 

E 

3 


CO 

h> 

CO 


c 

O 


rnm 

CD 

0 ) 

o 

s 


*> £ 
a c 
o 

c ° 
£ o) 
CO c 

* E 

g 0 > 

go 


a Q- 


c ® S 

k k M <S 


a 

o 


CO 

E 

© 

o> 


£ 

a 


o 

CO 

a 


_ o 
■a 

a 2 
c u 
« c 


•> » 

o £ 

H 2 
© 


CQ ®* 

c •= 

2 - - 

• fc £ 
£ Cl U 

- E 2 

»£ ® 
C CD * 
TS 

C CO s? 

i “ 
1*S 

an _ 

: s i 

O *8 


CO a 

Sr c 
_ 2 • 

° •* • 


0) 

a 


• I 

s s 

a 

E s 

a 

e O. 

1 * 

£ 2 
£ *- 
CD __ 

*“ o 

2 -o 
s c 

a 

I 2 

8 ® 

•* o 

CO « 

c ^ 
a 

if 


© — 


c ® 

£ 8 

S 

© o 

£ o 

C 0 3 

c a 
o c 
u o 
u 

k- 

2 © 

o. a 

8 * 

*5 * 
£ 9 


c 

2* 


CO 

3 

O’ 


CO 

a> 

a 

CO 

© 


>s 

© 


2 


< 8 


© 

k. 

o 


X 


8 2 
£ 2 

S E 

i ^ 

s « 


£ 8 
2 o 

2 m 


. u e a 

I o • f 

ft * 2 a 

Ss*§ 

•> 2 *i S 


• E 

II 


2 ^ ■ o 2 

liEEe 


O co S S 


£ c _ m 

c 2 • • “ c 

S^Egol 

* £ g • >,£ 
s r? 5 tt 
-Is* |8 

ISoHft 

E CD £ S s CO 



NASA ===== 1 LEWIS RESEARCH CENTER 


s 2 

<7i 


< UJ 

co cn 

< > 
- CO 

2 uj 
O CO 
Q UJ 


E Hi 
z < 

p 

ui 8 

ss 


UJ 

CO 

OC m 

iu ® 

IP 

9 & 

ffl £ 

< l 

z r 

UJ o 

>- co 

•J u 
UJ > 

o 5 

ii 


»2S 


X o S 
ui a 2 

g P K 

co oc u 
-So 

> g < 

111 « (L 
^ S CO 


g >- UJ 

C UJ o 
z * < 

= > iufe 

5 C w 
•o o UJ 

* 0- H 

< UJ P 

X o H 
uj S j 
H 5 D 

i | s 

< | < 

S s ^ 

> o< 

S 

< o — 

CL z CO 

uj S 2 
x uj 5 

h UJ O 

c52 

UJ o u. 

O UJ Cl 

q 5 E 

UJ < z 


8fe 

It 

fee. 



STUDY ORGANISATION/ APPROACH 


■ o 
*1 © 

f S 

12 

• £ 

f i 

T» 

c 5 

« 2 


© 

© *o * 

© £ 

3 © « 

9) ” 

© TJ *3 

— © E 

© E = 

_c ♦* 
b- C TJ 
© © 
2 *3 

. — c 
© «> © 
S § E 


ohm 

•» 


© 5 
a © 

o 


a — 
a S3 

© c 
~ © 
CO T3 

1 s 

CO 0) 

« * 


a! E 
% o 

C m 0 

— 0 2 . 

a 

? 3 © 

— o £ 

<0 


a a 
c 
c 

2 "3 

•J c 
© a 

N 

c © 
a ■© 
o> a 

s f 

_ c 
? E 


© r 

2 g cf 

'"*25 

2 o| 

© a © 

e u b 
O 3 

i: © © 

m sz o 

9 ~ & 
w *r © 
© © 

- c 

© o 2 

£ © .2 

= *3 

"* jz « 

© 2 ^ 
8 * c 
■3 e 2 


O) 


O ©■ 
C — © 

2 o © 

»- CO - 

= © 5 - 

? cS 


«o r 

C D w C w 
** 0 0 0 
• T> p t; 

r r e i S 

o 8 E* ■ 

" | I s S. . 
£ § -ffs 

° 3 • - B 3 

* ° £ £ w P 

I) « ^ c 

£ 1 S SL ofi 



NASA — - LEWIS RESEARCH CENTER 

STUDY ORGANIZATION/APPROACH 



CO 


£ 

UJ 

IX 

o 

CO S 

9 ° 

E E Q 
O < UJ 

< o u 

CL Z E 
to < e 

z in Z 

” 1U p 

£E< 


(0 

UJ 

o 


SUJc 

3 

o 


CO H) 

o 

Q. UJ 


e o 8 ^ ^ 
g g to UJ < 

9 P 2 2 g) 

§ g §6§ 

O 2 S g e 

S I g 2 C 

llgig 

o < 5 r 5 D 

Q. rr h ^ s 

x S $ ® 

UJ UJ ^ X UJ 

g 2 *s§ 

^ J Z 2 

| j<So 
9 < H S jZ 
< cc z 2 b 

C 3 UJ O S 
_ h H o D 

5 < o uj < 

<ZQ.CZ 


CO e 

S 5 

o w 

II 

CC 

CC UJ 
UJ x 

U. |» 
CO *” 
2 E 

2 uj 

H d 

UJ 3 

S* 

s>i 

o« 

E g 

£ * 
O 2 
E O 

E CO 

< ^ 
UJ p 
-I E 

o o 

3 E 
Z E 

E O 

Off 

gS 

S UJ 
* -J 
£C UJ 

< E 
&< 
O UJ 

It 

E 

UJ 

<0 I 


CO 


UJ 

X 

CO 

E 

o 

H 

O 

< 

UJ 

E 

UJ 

_J 

CD 

< 


9 E 
b ° 

=< 

UJ < 

9 E 

CO O 

ii 

CO 
Z UJ 
E O 

£ a 

Is 

51 

3 UJ 

3£ 


O 


o o E 


CO 

E 

o 

E 

3 

O 

CO 

E 

UJ 

£ 

o 

E 

E 

E 

o 

s 

CO 

5 

5 

< 

E 

E 

o 


E 

s 

E 

i 


E 

O 

h 

O 

< 

E 

E 

D 

E 

& 

5 

E 

o 


CO 

o 

> 

E 

E 

E 


X 
CO 
E 
E 
E 

E 

O 

o o 


ii 

g" 

< E 
B O 
O < 
H E 
CO CO 


CO 

E 

O 

H 

O 

< 

E 

E 

O 


< 

E 

E 

E 

o 


E 

Z 

o 

g 

> 

p 

o 


E 

E 


E 

S 


E 

H 

O 

E 


CO 

z 

o 

CO 


o 

z 

o 

o 


m 

m 

5 

<32 

S 

<£ 

E 

O 

C® 




Q 

<€ 


SPACE RADIATION HAZARDS 



•l c « 3 ^ e £» b S 

> - 2 ® E * SL 2 s £ • © 

© c 2 - •©S'*?**!* 

-a Jc>" £ cbE5 



?o©*®©S>> • ^ c 5 

* « oc£ ^.c S: o 

^ > 2 ® o w a t£ h f ■ g 

Z ™ ? V O 2 * 3 O g 

^co f .g_—o£« ■© © *> = 

| 5 |s? ? 5 *S = .£ C 

Esi”*M£ •« '. 


•, - *"ooS° 5 ;Oe 

°«> : g^ jC = c= C»- 

«'ll £ s«S 2 5 ^ 

* « jn 


1 B p 

9 ^ *- s 


*23o * ° ®|flf 3 

c © © $ ^:r£aEc« < s 

oicdibC0^Soo*;c 

-5®22®’s E § 

• £®E_®c*£So 

SS 2 Tji'= t 01 






NCRP PROPOSED STANDARDS 


fc — 

o> to 


Jt © 
o 

■o £ 
® w 

3 * 

EO 
n U- 

£ a 

£ M 

© c 
* © 
* o> 

1 ? 

2 E 
is 

si 

© o 

a 2 

CO *“ 

< x: 

tn — 

< o 
z *■* 

of 

v. 

*0 n 
o) 9 

= S 

a> 

*© > 

3 Ui 
a _ 


o « 

« « 
£ « 
o ^ 

b M 

a a 
* 


• i 
« « « 

* £ c 
— o 

C £ s >» 

© *: o z 
“ ® c 

P £ 


w _ O 

EM 

!u 

> 5 _ 


S I J 

« £5 

5 T> CD 

— s c 
CO o 

3 £ - 


X) 

c 

a 

• 

cr> jr* 

0) g 

£ O 


<o _ O * 
c ? c 
© 3 

© J? o 

5 5° 


o s 
9 E 


o « 
o c 
• 0 ) o 

•D CD X 
C £ CO 

<0 Z 

J 2 1 i 

.2 co - 

^ 3 • 

C Q* C 

5 &8 

CO CO 
~ a> g; 
T3 O *- 

a co 
»- a © 
^ « cn 

o © £ 
^ £ 

o c i£ 

©S 

05 “ J 

vS o 

£ a •o 
* g 

o c - 


_ © 


~ © 
si 

CO 

< £ 
cn £ 


si 

li 

X 

Ss 

“I 

CO = 

a 

jc a> 

CO 

oc w 

o © 

Z £ 


•o 

a 


© O c 05 © 5? 
= c — « c 


II 


~ S s « • g • 

= s s ® • § I 

® C 2* S o 

of Ii sS s 


u ;5 t 

I S 

t *o © - 
o £ « g «= 

« g 8 *» ® 

© £ < 

• 2* © 05 
u •) r 
Hi CD « 

P CO 


°? 


2 g 8 
*2 ® “* 


c £* 

© <5 

> y 
0,0 
w o 


£ ° 
*« a 


© 

u 


U t 


a = 

_ . _ © « 

° c c 
0) ^ c c 

• ® “ z 

® a £ 
©©©««© 
«. S *© © © 

• E © 

«s 5 « • 

: & §H 

° *© e £ - 

J- E “ o 

c 


cr> • 
® — 

« « 
*» b 
© 


* o ” o 
« « © c 

*© o 

© g 5 £ 

® r © 

© £ ® 
a > c 

_ © o 

c f- © o. 

c “ « 

g < 3 ® £ 

- * € . 

o 

® -! © .5 

07 ## m ©« 

= o 2 
■ *](,. 

g-?S| 

«S c • * 
o>|?| 

- © * s -? 

ii=i: 

si«S€ 

»- a © c 

« © c 1 

« 2 s •- £ 

m S © 

E o o • *- 

= c E £ 

* * c I * 
£ I 5 t« 


S m 

CD 

o> si 

o I 
£ © 

I! 

o ** 
Z — 

a. « 


© £ 
« *“ 


£ I 


h £ £ © £ 


© 

o c 
•- o 

S> g 

id £ 

° s 

11 

s © 

2 . > 


E £ 

© © 
s e 
*o e 

<3 © 

£ o 
v 

£ % 


® > 

A ? 
© © 


® • 

£ ® 

•* © 

e °> 
Js © 




LEWIS RESEARCH CENTER 



wi 

£ 

UJ 

QC 


CO 

UJ 

o 

< 

a 

CO 

cc 

O 

u. 

CO 

h 

UJ 

o 

Q 


UJ 

c 

CO 

o 

a. 

x 

UJ 


* 

o 

CO 

c 

CD g 

sS 


u. 

co 

co 


a> 
o> 
e 
— * 
< - 


p ® 
5 *o 


® « « 
in ■ co 

•s « « 

a s o 

n 

W £ © 
CO ©* 

« > 2 
»n fc 

o > 
*- a 


6 § 

UJ S 


.3 CD 

■o 

•D _ 


O 


CO 


8 w 

2 fc 
S o 

o "O 
■o £ 
_ a> 

E £ 

3 0) 
CO "© 

C O 

0 u. 

- CD 

s © 

1 £ 

o 

a> *“ 

o © 
* 8 

0) 

5 o 
0) CD 

s w 

a — 
E © 

“ o 

g S 

a c 
a> o 

5 = 


©| g 

o>© d> 
•= 7= co 

C W L 

■o 

CD 0) 

*- o 

sit 

•- 5 0 ) 

E c a 

3 O CO 

E ~ © 

I 2 E 

co co <0 
^ a> ~ 

« ** p 

0 j. « 
*° o 

O) O 

c _ 

TO)# 

3 » 

^ o> 0) 

V r~ > 

1 »2 

o?« 

in £ _ 

O 2 

O Z o 
^ co 

•6 E o 

— - m 


o 

■o _ 

3 3 

2 JE m 

• © CO 

c E >. 


^ © 

II 

1 * 
- “ T> 
© 0) 
© Q. 

* 2 a 

® 8 s 

^ 

E o g 

Si| 

• - * 

§ 1 * 
£ E © 

^ CD 
CO > *- 
3 0 ) © 

~ in © 
co m 

© © — 
•» 

CO ^ _ 

*- o ° 

u in 

© _J 
(O c J 

O O) _ 

• * 2 

*o O 

m ^ CD 

l s $ 

III 

0) 22 *D 

© t> 

_ c - 

£ © 

CO o 

o 

jz $ 

CO CD 

a 


o 5 : 


o 

0 ) 


-O 

« £ 


St 

-s s C 


^ — co 


© £ 
« •? 


o 

u 


•* a 
co — 
o o 
> co > 

W © 
o> © 

«Sw 

A W © 

9 3 > 
O T3 O 


CO O 


k TJ 


r w u 

e e — 


— (/) ft 


r 

a 

UJ 



8 £ w J © ® 

■o -© o g _ 

C X > CL < I • 

SAMEO^w 

J « * 

z IS- §lss3«» E 

zil gSlsik £ f f s 

*e 2 a<« °«0 E , 

c ej n. ^ o c/> *- s' 

E a _ ■=! 9* •• .2 • co u, 

tf ^ c 5 * E ^ •© *0 w > 

£ o £ © •“ <S^®E©^a 


© 5 * 


0 » 

co 

E 


© 

* 

o 



If the LBAD-lt Is prorated over a full 180-day crew rotation period, only 0.033 Sv from 
man-made sources would be allowed within any 30-day period; thus, the LBAD-lt is more 
restrictive than the LBAD-st. The LBAD-st is a more appropriate limit when considering 
short-term, Infrequent exposures such as during extravehicular activity (EVA) near a 
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scenario was run with zero housekeeping power produc 
time Is shown on • later chart. 
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performed while maintaining doses below the short-lerm (30-day) limit? 
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NTH PARKING DOSE TO SSF PERSONNEL FROM AN NEP VEHICLE REACTOR AFTER SHUTDOWN 
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SIX-MONTH PARKING DOSE TO SSF PERSONNEL FROM 
NEP REACTOR AFTER SHUTDOWN 
(OUTSIDE SHADOW SHIELD) 





SIX-MONTH EABKIMG hose TO ssf personnel from an ntr reactor after shutdown 
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FVA POSE FROM NTR REACTOR AFTER SHUTDOWN 
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radIoisotope power sources at the space station 
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